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CATALYTIC PROCESS 



The present invention relates" to a process involving a 
reaction between methanol and hydrogen peroxide to produce a 
gas, in particular a process which uses a catalyst. 

Methanol is known to react with hydrogen peroxide. For 
example, JP-A-2001-226102 discloses the simultaneous 
reaction of methanol with both water and hydrogen peroxide, 
in order to initiate the reaction in the gas phase over a 
solid catalyst, the reactants are heated to 230 °C. The 
reaction is exothermic, so after the reaction has started it 
will continue without additional heat input. However, 
hydrogen peroxide may decompose into steam and oxygen at 
such high temperatures before it reacts with the methanol. 
It would be desirable to initiate the reaction without 
heating the reactants to such a high temperature, especially 
to initiate the reaction at a temperature below the boiling 
point of the reactants such that the reaction is able to 
occur in the liquid phase. Direct heating is inefficient 
and, in some instances, unavailable, for example when 
reacting the reactants to produce hydrogen in a moving 
vehicle or portable electrical appliance. Furthermore 
heating hydrogen peroxide to such a high temperature can be 
dangerous since it is explosive. 

We have now discovered a process in which methanol and 
hydrogen peroxide can be directly reacted together without 
initially having to heat them to such a high temperature. 
This process utilises a particular catalyst. 



Accordingly the present invention provides a process for 
initiating a reaction between methanol and hydrogen peroxide 
to produce a gas such as hydrogen, carbon dioxide, carbon 
monoxide arid/or oxygen which comprises contacting methanol 
and hydrogen peroxide in the liquid phase and at or above 
atmospheric pressure in the presence of a catalyst 
comprising at least one group 8, 9, 10 or 11 transition 
metal . 

In the process of the present invention the reaction between 
methanol and hydrogen peroxide is initiated by contacting 
the reactants both in the liquid phase in the presence of a 
particular catalyst. It has surprisingly been found that 
little if any heat has to be provided to the system in order 
to initiate the reaction. After the reaction is initiated 
the methanol and hydrogen peroxide continue to react since 
the reaction is exothermic. Although the catalyst need not 
remain in the reaction system after the reaction has been 
initiated, in practice it is usual for the catalyst to 
remain in place rather than being removed. 

The methanol can be used by itself or in admixture -with 
other components such as, for example, other alcohols or 
hydrocarbons, for example C 2 to C 4 alcohols such as ethanol , 
gasoline, alkanes such as pentane and hexane, diesel or 
water. Since the reaction is exothermic, once the reaction 
between methanol and hydrogen peroxide has been initiated, 
heat is generated which can itself cause a reaction to 
initiate between additional components such as between 
ethanol, gasoline and/or diesel and the hydrogen peroxide or 
between the methanol and water. For example direct 
reforming of methanol and water can take place to form 



hydrogen and carbon dioxide, optionally together with carbon 
monoxide . 

The hydrogen peroxide can be used in pure form, but is 
preferably used in solution, especially in aqueous solution. 
It may also be in the form of pellets, such as a urea 
pellets. Generally the hydrogen peroxide is used in an 
aqueous solution or pellets comprising at least 10 vol% 
hydrogen peroxide, preferably at least 15 vol%, more 
preferably 2 0 to 90 vol%, even more preferably 2 0 to 8 0 
vol%, and most preferably 25 to 60 vol%. 

The reaction between methanol and hydrogen peroxide can 
vary, for example depending upon the stoichiometric amounts 
of the reactants which are present. For example the • 
reaction may comprise at least one of, or all of: 

2CH 3 OH + H 2 0 2 -> 5H 2 + 2C0 2 

2CH3OH + H 2 0 2 -> 2H 2 0 + 2 CO + 3H 2 ; 

CH3OH + H 2 0 2 C0 2 + 2H 2 + H 2 0; and 

CH3OH + 2H 2 0 2 -» H 2 + C0 2 + 3H 2 0. 



The reaction may 
as : 



additionally comprise other reactions such 



CH3OH + 3H 2 0 2 -»• C0 2 + 5H 2 0 



Desirably the methanol and hydrogen peroxide are present in 
a molar ratio of 2:1 to 1:2, more preferably 1.5:1 to 1:1.5, 
most preferably. about 1:1, especially to increase the yield 
o f hydrogen - 



0 



An additional solvent may be present if desired such as, for 
example, water. The react ants are contacted in the liquid 
phase, that is both the methanol and the hydrogen peroxide 
are in the liquid phase. Of course, during the subsequent 
reaction, due to the presence of heat one or more than one 
of the reactants may be at least partly in the gaseous 
phase . 

The catalyst comprises a group 8, 9, 10 or 11 transition 
metal. Thus the catalyst comprises one or more of Fe, Co, 
Ni, Cu, Tc, Ru, Rh, Pd, Ag, Re, Os, Ir, Pt and Au. The 
metal is preferably platinum. 

The catalyst is preferably promoted, for example with one or 
more oxides of alkali metal, alkaline earth metal, rare 
earth or other transition metals. Examples of suitable 
promoters are Sn, Ni , Ag, Zn, Au, Pd, Mn and other 
transition metals in the form of the metal, oxide or a salt. 
The catalyst may also be modified with one or more further 
components, such as boron, phosphorus, silica, selenium or 
tellurium. 



The metal is desirably in elemental form. In order to act 
effectively as a catalyst it is desirably in particulate 
form with a small particle size, as is well known to those 
skilled in the art. The catalyst may be unsupported. 
Desirably, however, it is supported, for example on the side 
of a reaction vessel or tube or on an inert particulate 
support. For example, very fine nickel or platinum 
particles may be plated in an inner layer on a stainless 
steel tube for methanation in a GC for FID detection. 
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The support may be any support which is capable of bearing 
the catalyst in the desired reaction. Such supports are 
well known in the art. The support may be an inert support, 
or it may be an active support. Examples of suitable 
supports are alumina, modified alumina, spinel oxides, 
silica, modified silica, magnesia, titania, zirconia, a 
zeolite, p-aluminate and forms of carbon, manganese oxide , 
lanthanum oxide or a combination thereof. The alumina or 
modified alumina may be, for example, a- alumina, p- alumina 
or y- alumina. (3- alumina and spinel oxides such as barium 
hexaaluminate have been found to be particularly useful in 
view of their stability. The carbon may be in the form, for 
example, of active carbon, graphite or carbon nanotubes . A 
zeolite may be chosen depending on the desired final 
product. Thus, for example, it may comprise pores or 
channels . 



Preferably the support is porous. The particle size is 
desirably 0.2 um to 0.4 mm. The surface area is desirably 
2 0 greater than 5 m 2 /g- One or a mixture of two or more 
supports may be used. 

The metal may also be in the form of a complex or compound 
thereof. Examples are platinum carbonyl complexes and 
25 platinum methoxy complexes, and platinum complexes with 
ligands such as chlorine, phosphine or organic aromatic 
species such as benzene or cyclopentadiene , such as 
(CO) 5 Co 2 (CO) 2 Pt 2 (CO) (PPh 3 ) 2 or Pt 3 (CO) 2 (PPh 3 ) 4 . 



30 Before use, the catalyst may, if desired, be activated, 
example with hydrogen or a hydrogen- containing gas. 



The initiation can desirably be carried out at about room 
temperature, for example at about 2 0°C. Preferably the 
. initiation is carried out without heating the reactants or 
providing any other source of initiation. However, heat can 
be supplied if necessary, although the amount of heat 
supplied need not be too great. Thus one or both of the 
reactants, or the reaction mixture, be at, for example, less 
than 8 0 °C, preferably less than 50 °C and more preferably 
less than 30°C. 

The reaction between methanol and hydrogen peroxide has a 
number of uses. For instance when propulsion is needed for 
a rocket the reaction between methanol and hydrogen peroxide 
can be used 

When hydrogen is produced it may be important to restrict 
the amount of atmospheric oxygen which is available, for • 
example by carrying out the reaction in an enclosed or 
pressure vessel . 

When hydrogen is prepared the hydrogen may itself be used in 
a further process, for example in a fuel cell. Desirably 
the process of the present invention is carried out in or in 
association with a fuel cell in order to provide the 
hydrogen for a subsequent reaction or can be used to provide 
a rapid generation of gas and/or heat, for example for use 
in inflating an air bag, to pressurise mechanical equipment 
such as a hydraulic or lift, or for the quick start up of a 
catalytic exhausted gas converter or NO x purifier. 

The present invention is now further described in the 
following Examples. 



Example 1 . 

A mixture of 7ml " pure methanol and 21 ml 37% H 2 0 2 /H 2 0 is held 
in an autoclave, then 40mg of a H 2 -reduced 5wt% Pt/y-Al 2 0 3 is 
added to the mixture while stirring. The temperature in - 
autoclave increases from room temperature to 2 6 0oC and the 
pressure in the autoclave increases to 34 6 psi in 10 
seconds. Analysis of the products using an Autosystem GC 
shows hydrogen, carbon monoxide, methane and carbon dioxide 
as the products. The hydrogen yield from the reaction is 
over 85%, and the methanol conversion is 96%. 

Example 2 . 

A mixture of 7ml pure methanol and 15 ml 50% H 2 0 2 /H 2 0 is held 
in an autoclave, then lOOmg of a H 2 -reduced 5wt% Pt/y-Al 2 0 3 
is added to the mixture while stirring. The temperature in . 
autoclave increases from room temperature to 2 9 0oC and the 
pressure in the autoclave increases to 360 psi in 10 
seconds. The analysis of the products using an Autosystem 
GC shows hydrogen, carbon monoxide, methane and carbon 
dioxide as the products. 

The hydrogen yield from the reaction is over 90%, and 
methanol conversion is 98%. 



Example 3 . 



A mixture of 7ml pure methanol and 15 ml 50% H 2 0 2 /H 2 0 is held 
in an autoclave, then lOOmg of a H2 -reduced 6wt% Pd- 
Ni/Al 2 0 3 -Mn0 2 is added to the mixture while stirring, the 
autoclave is heated to 50oC while stirring. The temperature 



in autoclave increased from room temperature to 22 0oC and 
the pressure in the autoclave increased to 33 0 psi in 15 
seconds. The analysis of the, products using an Autosystem 
GC shows hydrogen, carbon monoxide, methane and carbon 
dioxide as the products.- 

The hydrogen yield from the reaction is over 80%, and the 
methanol conversion is 90%. 
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CLAIMS 



1 . A process for initiating a reaction between methanol 
and hydrogen peroxide to produce a gas, which comprises 
5 contacting methanol and hydrogen peroxide in the liquid 

phase and at or above atmospheric pressure in the presence 
of a catalyst comprising at least one group 8, 9, 10 or 11 
transition metal . 

* 

10 2. A process according to claim 1 wherein the hydrogen 
peroxide is in the form of an aqueous solution or urea 
pellets comprising at least 15 vol% hydrogen peroxide. 

3 . A process according to claim 1 or 2 wherein the 
15 reaction between methanol and hydrogen peroxide produces 
hydrogen . 

4. A process according to any one of the preceding claims 
wherein the methanol and hydrogen peroxide are present in a 

20 molar ratio of 1.5:1 to 1:1.5. 

5. A process according to claim 4 wherein the methanol and 
hydrogen peroxide are present in a molar ratio of about 1:1. 

25 6. A process according to any one of the preceding claims 
wherein the reaction comprises at least one of: 

2CH 3 OH 4- H 2 0 2 H> 5H 2 + 2 C0 2 ; 

2CH3OH + H 2 0 2 2H 2 0 + 2C0 + 3H 2 ; 

CH3OH + H 2 0 2 ~> C0 2 -f 2H 2 + H 2 0; and 

3 0 CH3OH + 2H 2 0 2 -» H 2 + C0 2 + 3H 2 0 
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7. A process according to any one of the preceding claims 
wherein the metal- is platinum. 

8. A process according to any one of the preceding claims 
wherein the metal is in elemental form. 

•9. A process according to any one of the preceding claims 
wherein the catalyst is supported. 

10. A process according to any one of the preceding claims 
wherein the initiation is carried out without heating the 
react ants. 



11 . A process according to any one of the preceding claims 
wherein the initiation is carried out at a temperature of 
less than 80°C. 

12 . A process according to any one of the claims wherein 
the initiation is carried out at a temperature of less than 
30°C. 

13. A process according to claim 12 wherein the initiation 
is carried out at about room temperature. 

14. A process according to any one of the preceding claims 
which is carried out in a fuel cell, to power a rocket or to 
inflate an air bag,, to pressurise mechanical equipment or 
for the quick start up of a catalytic exhausted gas 
converter or NO x purifier. 



